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(57) Abstract 

The present invention relates to a method for 
producing chlorine dioxide (CIO2) disinfecting solu- 
tion which preferably minimizes the amount of re- 
sidual diloride ion (CIO2O so that the disinfecting 
solution can be used in die food, food processing, 
drinking water pharmaceutical production and 
medical and dental related industries. An addition- 
al embodiment includes chlorine dioxide generat- 
ing solutions vMzYi are substantially corrosion free. 
In the ng;ure. vats A and B are each stoppered so 
that the contents of each vat may be metered into 
reaction chamber C. Vat A contains chlorite and 
vat B contains biologically compatible acid. Vat D 
is the dilution chamber. 
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METHOD FOR THE PRODUCTION OF CHLORINE DIOXIDE 
Field of the Invention 

The present invention relates to a method for produ6- 
ing chlorine dioxide {CIO2) disinfecting solution which 
preferably minimizes the amount of residual chlorite ion 
(CIO2") so that the disinfecting solution can be used in the 
J food, food processing, drinking water, pharmaceutical produc- 
^tion and medical and dental related industries. 

The present invention also relates to a method for 
generation of chlorine dioxide (CIO2) in low acidity disin- 
fecting compositions which suitable for applications where 
corrosion, a pH related property, is a concern and is required 
to be either prevented or minimized so that the disinfecting 
composition can be used in the treatment of metal-containint ^ 
substrates such as dental and medical instrximents and devices. 



Background of the Invention 

Chlorine dioxide, an indirect food additive, has been 
found to be especially useful as a disinfectemt, antiseptic 
and sanitizer. It is widely used to disinfect drinking water 
atnd various water supplies. In addition, chlorine dioxide 
finds use as a bleaching agent for flour, fats, textiles and 
as an emtiseptic. 



Although it has great 
chlorine dioxide can not be 
cent rated gas for its use and 
the site where it is used. 



commercially as a con- 
has been generated at 



Chlorine dioxide has shown great utility as an 
antiseptic for treating metal substrates such as dental and 
medical instruments and devices. However, the prior art meth- 
ods for generating chlorine dioxide suffer from the disad- 
vantage that large quantities of chlorite remain as a residue. 
Chlorite residues on food handling equipment and medical and 
dental surfaces that are to come in contact with humans are to 
be avoided or stibstantially minimized according to FDA and EPA 
regulations • 
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Separately, chlorine dioxide exhibits certain cor- 
rosive properties which are believed to be pH related. Thus, 
it is beneficial to generate chlorine dioxide at a pH which 
would avoid or minimize corrosion during the disinfecting 



n 



The production of CIO2 solutions is well known in Sie 
art. The general prior art procedure has been to mix sodium 
chlorite (NaClOj) with an acid. As a rule, the stronger the 

^fster and more efficient will be the production of 
chlorine dioxide. The general formula for the production of 
chlorine dioxide using sodiiim bisulfate is as follows: 

(1) HNaS04 < > Na+ + SO4— + H+ (sodium bisulfate 

ionization) 

acidifica-^''"^^ * ^ ^ ^ (sodium chlorite 

tion to chlorous acid) 

(3) 5HC102 > 4C102 + 2H2O + CI" + H+ (chlorous 




disproportionation to yield chlorine 

or (4) 4HC102 > 2CIO2 + H2O + CI- + CIO3- t2H+ 

According to the reaction, where a relatively strong 
acid is combined with sodium chlorite, the generated pool of 
chlorous acid is in equilibrium with the chlorite ion and ns:^ 
the strong acid, because the original acid is almost entirely 
ionized at the pH employed and hence has shifted the equi- 
librium toward formation of chlorous acid. In this regard, 
the hydrogen ion concentration from use of a relatively strong 
acid, as opposed to slightly ionized acids, will produce 
optimal concentrations of chlorous acid. In this way the gen- 
erated chlorous acid has less of a tendency to ionize because 
the conjugate base of the original acid is not powerful enough 
to compete for the hydrogen ions. As a rule, the lower the 
pKa of the acid, less acid is needed to generate chlorous 
acid. When the prior art solution is evaporated from the sur- 
face of food equipment, for example, the chlorite ion either 
in protonated form or as the conjugate base (depending upon 
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pH) remains as unwanted residue. , 

Another requirement in the food handling and related 
industries is the need for raw materials or ingredients which 
are safe to handle in the preparation of the disinfectants . .^ 
Strong acids such as nitric or hydrochloric may be dangerous ; 
to the unskilled personnel in the food handling unit and inap- 
propriate for generating chlorine dioxide in this case. The 
requirement is for the inclusion of reagents jwhich axe sa£e.^|o 
use and, after generating chlorine dioxide, produce side >,jc._ 
products which are non-toxic and/or biodegradaible. _ : 

Sulfuric acid, for example, is corrosive, a powerful 
oxidizing agent and therefore, dangerous. Nitric acid is 
similar to sulfuric acid and may produce nitrosamine residues, 
which are carcinogenic. Hydrochloric acid is corrosive due to 
the chloride ion which alo tends to favor the production of ,r: 
chlorate anion, an unfavorable result (4). 

Objects of the Present Invention c 

It is an object of the present invention to provide a 
method for producing chlorine dioxide for use on food equip- |^ 
ment and related surfaces including dental and medical sur- ^ 
faces . 

It is another object of the present invention to 
prefersU3ly minimize the amoxint of residual chlorite salt in 
the final chlorine dioxide solution and ultimately, where 
applicsible, on the treated surface. 

It is an additional object of the present invention to 
provide a method for producing chlorine dioxide utilizing 
materials which are safe to handle. 

It is a further object of the present invention to 
generate chlorine dioxide from chlorite and low pKa 
biocompatible acids. 
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It is still a fxirther object of the present inveii'tioiT 
to generate chlorine dioxide from chlorite ion and minimally 
toxic or non-toxic (substantially non-toxic) chlorine dioxide 
generators which yield substantially non-toxic and/or " - • ~ 
biodegradable side products from the generation of chlorine ^ 



^is yet 'another ob j ect' of the" present invention to" ^ 
^generate ^chlorine dioxide from chlorite ion in a' -liquid "com-^"^ 



position utilizing non-toxic low pKa acids in which the - ^ 
residual levels are non-toxic. 

It is yet a further object of the present invention to 
provide a chlorine dioxide generation method in a liquid com- 
position containing a relatively low concentration of acid 
which may be used as a disinfectant having minimal corrosive 



0 

C 



These and other objects of the present invention may 
be readily gleaned from the description of the invention which 
follows . 

Descrip tion of the Ficnires 

Figure 1 is a diagrammatic representation of a system 
for producing chlorine dioxide from a salt of a chlorite and 
an acid, preferably a biologically compatible acid and 
optionally, a disproportionation agent. The reaction (s) to 
form chlorine dioxide occurs in the reaction chamber (C) . It 
is noted that the pipes, chambers and vats as set forth in 
Figure 1 are generally made of high density polyethylene 
and/ or polypropylene. 



Figure 2 is a diagrammatic representation of a two- 
part system comprising two containers, one for chlorite salt 
and the other for the acid. In figure 2 (a and b) , the two 
parts could be considered as two separate containers, with or 
without dispensing pumps. A measuring cup can be used for 
removing approximately equal volumes of the chlorite part and 
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the acid part. t 

Detailed Description of the Invention 

The term "salt of a chlorite" or "chlorite salt" is_: 
used throughout the specification to describe a salt of 
chlorite which is readily soluble in an aqueous system and , : 
which readily dissociates into chlorite anion and counterion 
(generally, metal). Two particularly preferred salts of 
chlorites for use in the present invention include sodixm 
chlorite and potassium chlorite. 

The term "low pKa acid", "non-toxic low pKa acid" 
"biologically compatible low pKa acid" is used throughout the 
specification to describe acids which are relatively strong 
(have pKa's of about 2.1 or lower, preferably below about 
1.94, the pKa of chlorous acid so as to shift the equilibrium 
to chlorous acid generation) and are easily or relatively 
safely handled, are generally compatible with biological 
systems (they are substantially non-toxic) and are non- 
caustic. Low pKa acids donate a large fraction of hydrogen 
ions by favoring a reaction which consumes hydrogen ions and 
favors the generation of chlorine dioxide. By virtue of the 
low pKa, the acids utilized in the present invention are 
highly ionized and smaller quantities of the Xow pKa acid 
would be needed to protonate chlorite ions to form chlorous - 
acid. Consequently, the acids have low residual levels. 

The residues that are formed from these biologically 
compatible acids are generally the sodium and/or potassium 
salts of the acids, such residues being safe, non-corrosive 
and acceptable as either direct or indirect food additives. 
Examples of biologically compatible or non-toxic acids for use 
in the present invention include sodium and potassium bisul- 
fate (NaHS04 and KHSO4) , phosphoric acid and maleic acid. The 
bisulfates have pKa's of about 1.9-2.0, phosphoric acid has a 
pKa of about 2.15 and maleic acid has a pKa of about 1.94. 
Other biologically compatible acids which may be used in the 
present invention include phosphoric acid, 
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ethylenediaminetetraacetic acid (EDTA, as the free acid or the 
monosodiim salt) among others. 

For purposes of the present invention, hydrochloric, 
nitric and concentrated sulfuric acid or sulfuric acid in its 
free acid form are not considered biologically compatible 
acids for purposes of the present invention because of their^ 
caustic nature and their resultant difficulty in handling.- 
However, in certain embodiments according to the present 
invention, especially including those embodiments which 
include a disproportionation agent, these acids may be used, 
preferably in diluted form. 



The term "chlorous acid disproportionation agent", 
"disproportionation agent" or "aldehyde agent" is used 
throughout the specification to describe a niimber of dis- 
proportionation agents which enhance the rate of dis- 
proportionation of chlorous acid to produce significantly 
increase the amount of chlorine dioxide which is produced and 
minimizes residual chlorite ion. The disproportion agents ' 
according to the present invention are chosen for their 
ability to substantially enhance the rate and efficiency 
(yield) at which chlorine dioxide is formed from chlorous acid 
(even at relatively high pH's and low concentrations of acid- 
a consideration in the embodiments which minimize corrosion) , 
for their ability to form their biologically compatible sub- 
stantially non-toxic organic acid side products and for their 
ability to minimize residual chlorite ion. Thus, by using a 
disproportionation agent according to the present invention, 
one can produce effective quantities of CIO2, minimize the 
amount of acid used, raise the pH of the CIO 2 -generating solu- 
tion to a non-corrosive level, if desired. 



Disproportionation agents for use in the present 
invention include, for example, substantially non-toxic 
aldehydes such as acetaldehyde , benz aldehyde, glutaraldehyde , 
cinnamic aldehyde, propionaldehyde , paraldehyde, 2-Furfural 
(bran oil) and 5-Hydroxymethyl-2-furfural (5HHF) , among 
others. Preferred disproportionation agents for use in the 
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present invention include those aldehydes that are substan- -- 
tially non-toxic themselves and which are converted during the 
disproprotionation process to substantially non-toxic side 
products. Acetaldehyde , benzaldehyde, cinnamic aldehyde, 
glutaraldehyde and propionaldehyde are particularly preferred 
for use in the present invention. 

■ ■ .-^ 
■ • The term "corrosive properties" is used throughout the 
specification to describe properties such as those producing 
corrosion on metal substrates such as medical and/ or dental .j 
devices. These properties are derived from factors such as 
excess residual acidity (low pH) and/or excess residual 
chlorite ion. 

The term "enhanced chlorous acid disproportionation" 
is used throughout the specification to describe the produc- 
tion of chlorine dioxide from chlorous acid in the presence of 
a disproproportionation agent such as an aldehyde, a combina- 
tion which, has a faster rate and greater efficiency of 
chlorite ion use even when the pH is less acidic and which 
generally produces chlorine dioxide in greater amounts and at 
higher concentrations than without a disproportionation agent. 
In general, in the absence of a disproportionation agent, the 
amount of chlorine dioxide which is generated in a reaction at 
a pH of about 3.9 during a 15 minut period is generally no 
greater than about 1-2 parts per million. This indicates that 
the rate of conversion of chlorous acid to chlorine dioxide in 
this case is very slow and the yields are low. In addition, 
residual acid remains, thus increasing the potential for 
producing corrosion. 

utilizing a disproportionation agent in the form of an 
aldehyde at the same starting pH of 3.9, the amount of 
chlorine dioxide generated may be as much as about 40 ppm or 
more. In this case, hydrogen ions and residual chlorite ions 
are consumed by the disproportionation of chlorous acid, such 
that at the end of a 15 minute period, the pH rises to about 
4.3. This more effecient process for producing chlorine 
dioxide results in chlorite ion levels being substantially 
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reduced relative to processes which generate chlorine dioxide" 
in the absence of an aldehyde. In preferred embodiments 
according to the present invention, at the end of the 15- 
minute period, the residual chlorite ion levels are about 60% I 
or less of the initial chlorite ion. :. 1.3 

The terms "minimize residual chlorite ion", "minimiz- 
^ing residual chlorite ion" or "substantially reduce residual 
chlorite ion" are used throughout the specification to des- ^ 
cribe reactions to produce chlorine dioxide which yield no " 
more than about 85% by weight residual chlorite ion (based 
upon the initial weight of chlorite used) . Preferably, the 
amount of residual chlorite ion is less than about 70% by 
weight and most preferably the amount of residuea chlorite ion 
is less than about 60% by weight. 

The term "substantially non-toxic" is used throughout 
the specification to describe disproportionation agents and/or 
biologically compatible acids which are used to generate 
chlorine dioxide in the method(s) according to the present 
invention. Substantially non-toxic means that the materials 
are safely handled and are generally compatible with biologi- 
cal systems in amounts used to generate chlorine dioxide rela- 
tive to compositions which are considered "substantially 
toxic." The term "substantially" is used to describe the non- 
toxic acids and disproportionation agents for use in the pres- 
ent invention because of the fact that almost all substances, 
including water, may become toxic to a biological system in 
certain amounts. 

The term "substantial quantity" is used to describe 
amounts of chlorine dioxide which are produced using the 
method according to the present invention and are believed to 
be useful. A substantial quantity of chlorine dioxide for 
purposes of the present invention is at least about 1 part per 
million, because chlorine dioxide is a disinfectant at that 
concentration and higher concentrations • in the present 
invention chlorine dioxide is preferably produced in a con- 
centration of at least about 5 parts per million, most 
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preferably at least about 20-40 parts per million. - - -"^ 

The terms "low acidity composition" and "high pH acid 
composition" are used throughout the disclosure to describe a 
chlorine dioxide-generating composition (producing at least ,o 
about 1 ppm chlorine ^dioxide) and having a relatively low con- 
centration of acid to produce an initial pH of about 3.5 to ;6 
about 4.5, and which comprises an amount of a water soluble :q 
salt -of chlorite with an sunount of a low pKa acid effective to 
produce a pH within the above range. The composition may bep 

dry or in solution. * 

-> 

f 

The term "chlorite part" is used throughout the speci- 
fication to describe the form in which an amoiint of a water 
soluble salt of chlorite either in dry or liquid state is 
added to the acid part. 

The term ''acid part" is used throughout the specifica- 
tion to describe the torm in which an amoxint of a water 
soluble low pKa acid either in dry or licjuid state is added to 
the chlorite part. 

The term "low acidity condition" is used throughout 
the specification to describe the condition at which at least 
1 part per million (ppm) of chlorine dioxide is generated in a 
solution with a starting pH ranging from about 3.5 to about 
4.5. This condition is provided by combining an effective 
amount of a low pKa acid with an amount of a water soluble 
salt of chlorite. The overall pH for purposes of the present 
invention will prefersdaly range from about 2 to about 4.5. 

The term "effective amount" is used throughout the 
specification to describe a minimum etmount or cpiantity of a 
component, i.e., a low pKa acid, disproportionation agent or 
chlorite ion included to generate an intended effect. The 
term effective amount when used to describe the low pKa acid, 
is used to describe that amount of acid, either in dry or liq- 
uid form which, when combined with chlorite in solution will 
generate at least 1 part per million (ppm) of chlorine dioxide 
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from chlorous acid. By definition, 1 part per million is ^ 

equal to 0.0001% by weight. 

The present invention relates to a method of producing 
chlorine dioxide comprising: r ido 

- 1) combining an amount of a salt of chlorite with tan 1^5 

amount of a low pKa biologically compatible acid effective :to::> 
produce a substantial quemtity of chlorous acid, said chlorous 
cacid disproportionating to form chlorine dioxide. This method 
reduces the amoiint of residual chlorite ion relative to prior * 
art methods and is compatible with food, medical device and 
dental surfaces. This method may be performed at an initial 
pH no greater than about 4.5. In embodiments according to the 
present invention, substantial corrosion resistance is 
instilled by utilizing an initial pH of about 3.5 to about ^. 
4.5. 

TlxB present invention also relates to a method of 
producing chlorine dioxide comprising: , 

V 1) combining an amount of a salt of chlorite with an 
amount of an acid^ preferably a low pKa biologically com- 
patible acid effective to produce a substantial quantity of 
chlorous acid; and 

2) providing an amormt of a disproportionation agent 
in the form of aldehyde chemical entity effective to enhance 
chlorous acid disproportionation to chlorine dioxide^ said 
disproportionation agent giving rise to a substantially non- 
toxic organic acid and/or organic acid salt side products. 
Such a method of generating chlorine dioxide will generally 
minimize the residueil chlorite ion by providing, for a more 
efficient disproportionation of chlorous acid. In the method 
according to the present invention which provides substantial 
corrosion resistance, lower concentrations of a low pKa acid 
and chlorite are used compared to prior art methods, further 
diminishing the residual chlorite ion. 

In the first method according to the present inven- 
tion, an effective amount of a salt of a chlorite, preferably 
sodium or potassium chlorite is combined with a biologically 
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compatible acid to produce a substantial quantity of chlorous 
acid. In a second step, the chlorous acid produced is allowed 
to disproportionate to form chlorine dioxide. 

In the first method according to the present inven- 
tion, preferred salts of chlorites include sodium and potas- , 
slum chorite. The biologically compatible acids according to 
the present invention are those acids which are generally con- 
sidered safe, user friendly and sxibstamtially non-toxic, for 
exsunple salts of bisulfate, maleic acid and phosphoric acid, 
euaong others. Generally, the concentration of chlorite salt 
used to generate chlorous acid in the present invention 
represents at least about 0.0005M and preferably ranges from 
about 0.002M to about 0.5M or slightly higher. In the embodi- 
ments which are substantially non-corrosive, the amount of 
chlorite salt comprises at least sQsout 0 .000511 and preferably 
remges from about 0 .00211 to about 0.2M. 

The euaount of acid, preferedDly biologically compatible 
acid, added to the chlorite salt is generally that amount 
effective to provide an initial pH of the reaction mixture 
below about 4.5, preferably lower than about 3 • 5 or less . In 
embodiments according to the present invention where corrosion 
resistance is not important, preferably, as a rule of thumb, 
the low pKa acid is added in an cunoxint which will render the 
initial pH in the reaction chamber, i.e., in the presence of 
chlorite ion, to a level below about 2.5 and most preferably 
to a level at or below about 2.2. In embodiments according to 
the present invention in which the corrosion resistance is ^ 
desired, the initial pH generally ranges from about 3.5 to 
cibout 4.5. The acid is generally provided in a concentration 
of about 0.00005M to upwards of about IM, depending upon the 
final pH of the solution desired. In corrosion resistant com- 
positions, the concentration of acid preferably ranges from 
aibout 0.0 IM to about 0.2M, depending upon the amount of 
chlorite in the composition. In compositions in which having 
the characteristic of corrosion resistance is not important, 
the amount of acid preferably ranges from about O.OIM to 
upwards of IM or more. These concentrations will generally 
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provide a pH of less than about 2.5 and usually less than " 
about 2.0. concentrations of acid producing pH's above or - 
below these values may also be used, depending upon the amount 
of chlorite to be converted to chlorine dioxide, as well as 
the pH desired in the reaction chamber and the ultimate con- 
centration of chlorine dioxide desired. 



In the first method according to the present inven-' 
tion, the chlorite salt is" combined with the acid at about - 
15-c to about 30-C to produce chlorous acid. Thereafter, the" 
Chlorous acid is left to disproportionate to chlorine didxidi^ 
In general , the disproportionation step is carried out in the 
same aqueous medium where the formation of chlorous acid 
occurs. The temperature of the disproportionation step may ^ 
vary, but will generally range from about 15-c to about 30'C 
or higher. After production, the chlorine dioxide solution 
nay be used directly or diluted depending upon the desired 



In a second method according to the present invention; 
the use of a disproportionation agent, preferably in the form 
of an aldehyde chemical entity, will enhance and hasten the 
production of chlorine dioxide from chlorous acid. In this ' 
aspect of the present invention, either during or after the 
formation of chlorous acid, an effective amount of an agent 
for disproportionating chlorous acid to chlorine dioxide is 
added to the solution. While the disproportionation agent may 
be added after the formation of chlorous acid, preferably the 
disproportionation agent is already present in the acid solu- 
tion when the acid solution is combined with the aqueous mix- 
ture Of chlorite salt, in this way, as soon as chlorous acid 
IS generated, the disproportionation reaction may be enhanced. 
The overall result will be to shift the equilibrium toward 
more chlorous acid generation and consequently, more chlorine 
dioxide formation. Using a disproportionation agent, at least 
10% and generally at least about 30-40% up to about 80% or 
higher of chlorite ion is converted to chlorine dioxide and 
chloride ion. in rhe absence of a disproportionation agent 
such as an aldehyde disproportionation agent, the conversion 
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is significantly slower and is less efficient (usually sig- 
nificantly less than about 2% of the initial chlorite ion is 
converted to chlorine dioxide and/or chloride) . 

It is noted that in this aspect of the present inven- 
tion which utilizes a disproportionation agent to enhance 
chlorous acid disproportionation to form chlorine dioxide and 
minimize residual chlorite, any acid which produces an initial 
pH in the reaction mixture of about 4.5 or lower may be util- 
ized, but preferably a low pKa biologically compatible acid is 
used. 

In general, the amount of disproportionation agent 
used in the present invention varies depending upon the amount 
of chlorite ion used. In general, the amount of dis- 
proportionation agents xised in the present invention ranges 
from €dDOUt 10 parts per million to about 20,000 parts per mil- 
lion or more (about 0.001% to about 2.0% by weight). In gen- 
eral, on a mole to mole basis, the amoiint of disproportiona- 
tion agent utilized varies from about 1/10 to etbout 1/2 the 
amoxint of chlorite used, and preferably about 1/3 to about 
1/2. While it is possible to utilize a disproportionation 
agent in concentrations above and below this amount ^ for exam- 
ple, it is noted' that at concentrations of disproportionation 
agent sxibstantially below 1/10 the molar concentration of 
chlorite, the rate at which disproportionation of chlorous 
acid to chlorine dioxide occurs may be diminished. At molar 
concentrations of disproportionation agent significantly above 
about 1/2 the concentration of chlorite, residual amounts of 
disproportionation agent may remain in solution which could 
result in instability in the resulting chlorine dioxide solu- 
tion. The amount of disproportionation agent is chosen to 
maximize chlorine dioxide formation and minimize the amount of 
residual chlorite in the chlorine dioxide mixture. 

In the method according to the present invention, the 
apparatus as set forth in figures 1 and 2A and 2B are repre- 
sentative of systems that can be used to generate chlorine 
dioxide. As set forth in figure 1, a chosen amount of 
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chlorite salt is dissolved in water in vat A. Preferably, the 
chlorite salt is the sodiiim or potassitim salt. The concentra- 
tion of chlorite salt chosen generally ranges from about 0.001 
to about 0.5 Molar (generally, for example, about 0,09g. to 
about 45g. /liter of sodium chlorite). The chlorite salt is 
f iirst added to water and dissolved. Depending upon the type ~ 
and finaJL concentration of chlorite chosen, the pH of the 

: solution in Vat A may range from about 9.0 to significantly 
-above about 10. A pH above 10, for example about 10.5, is ^ 

a -Often employed. 

A second solution, contained in Vat B, is prepared 
containing an effective amount of a biologically compatible 
acid, for example, sodium bisulfate. In embodiments according 
to the present invention in which corrosion is not a concern, 
the pH of the solution without disproportionation agent is 
preferably maintained below about 2.5. The amotint of acid 
chosen is that amount which is effective to produce a substan- 
tial quemtity of chlorous acid. This amount of acid. will 
generally provide an initial pH of the reaction mixtiire in 
which chlorine dioxide is produced below about pH 2.5. 
Optionally, into this acid solution, an effective amount of a 
disproportionation agent may be added to enhance dis- 
proportionation of chlorous acid to chlorine dioxide. The 
final pH of the acid solution including disproportionation 
agent in this aspect of the invention is generally less than 
eibout 2.5, preferably less than about 2.0 and most preferably 
less than about 1.8. In this aspect of the present invention 
which includes a disproportionation agent, any acid may be 
used including any of the aforementioned acids, among others, 
but preferably a low pKa biologically compatible acid is 
chosen. 

Vats A and B are each stoppered so that the contents 
of each vat may be metered into reaction chcimber C. Each or 
both of the Vats may be graduated. The stoppering of vats A 
and B (valves (1) and (2)) will allow a measiired or pre- 
measured amotint of the contents of each Vat to be delivered in 
a controllable manner to the reaction chamber C while valve 
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(3) is open and (4) is closed. In the reaction chamber, the 
chlorite is acidified with the low pKa biologically compatible 
acid to produce chlorous acid and subsequently, the generated 
chlorous acid is disproportionated in situ into chlorine - : 
dioxide. The concentration of chlorine dioxide increases 
within the reaction chamber until such time as the reaction is 
completed. , In general, the reaction (s) to produce chlorine : 
dioxide without the aid of the disproportionation agent is 
slow and may require about 30 minutes or higher to be com- :o 
pleted (level off). 

With an effective amount of disproportionation agent, 
the concentration of chlorine dioxide generated within a 
period of about 15 minutes ranges from eU^out 5 ppm to upwards 
of 100 ppm or more. The production of chlorine dioxide may be 
monitored photometrically at 360 nm using an extinction coef- 
ficient of 1250 M"lcm^^ as described on pp. 244-245 of 
"Chemistry of Chlorine Dioxide", In Progress in Ino rganic 
Chemistrv . Vol. 15, S.J. Lippard (Editor), Wiley-Interscience^ 
New York (1972). In the present invention, in general, the 
final concentration of chlorine dioxide in the reaction cham- 
ber rsmges from €d3out 80-100 parts per million (ppm) to 
upwards of 400 ppm. 

After the completion of the formation of chlorine 
dioxide in reaction chamber C, the contents of reaction cham- 
ber C are deposited into dilution tank D by opening valve 4 
(valve 5 is closed). Here, the chlorine dioxide solution from 
reaction chamber C is mixed with water or other aqueous solu- 
tion in dilution tank D (generally about a 20-40 fold dilu- 
tion, preferedDly about 30 fold) so as to create a chlorine 
dioxide solution with a final concentration generally ranging 
from slightly less than about 1 ppm to about 10 ppm, with a 
preferred concentration of about 1 ppm to about 5 ppm. The pH 
of the final diluted solution of chlorine dioxide ranges from 
about 4,5 to about 7 with a preferred range from about 5.5 to 
about 6.5. 

In figures 2A and 2B, which figures are representative 
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of the non-corrosive aspect of the instant invention, the 
chlorite part ranges from about 50 ppm to about 50,000 ppm. 
The pH of the chlorite part may generally range from eibout 9.0 
to about 10.8. The acid part contains an effective amount of 
a low pKa acid, preferably non-toxic, the pH of the concentra- 
2tion ranging from about 3.5 to about 4.5 Into the acid part, 
optionally, may be added an amount of an aldehyde dis- --^ 
proportionation agent effective to enhance disproportionation 
of chlorous acid to chlorine dioxide. The amount of aldehyde' 
disproportionation agent ranges from about 20 ppm to about 
40 ,.000 ppm. .In this aspect of the present invention in which 
the aldehyde disproportionation agent is utilized, any acid 
may be used including any of the aforementioned acids, among 
others, but preferably a non-toxic low pKa acid is used. 

The final solutions of chlorine dioxide in diluted 
form may be used for purposes of disinfecting surfaces, espe- 
cially surfaces ^ich may require reduced amounts of chlorite 
ion, for example, food equipment, and medical devices and den- 
tal equipment. In addition, the solutions according to the 
present invention may also be used for any other known purpose 
especially including for drinking water. The number of appli- 
cations of the chlorine dioxide solutions according to the 
present invention is believed to be larger than for solutions 
which are produced according to prior art methods because the 
solutions of the instant invention are compatible with food, 
medical and dental eqiupment as well as other uses known in 
the art. 

EXftMPTiKS 

The following examples are provided to illustrate the 
present invention and should not be construed to limit the 
scope of the invention of the present application in any way. 

Example 1 

To Vat A (See Figure 1) was added an aqueous solution 
containing about 0.7g. /liter of pure sodium chlorite (T.R.-AMC 
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Chemicals, a Division of TR-Metro Chemicals, Inc., Ridgefield, 
New Jersey) . To Vat B was added about 0.4 g. /liter of potas- 
sium bisulfate, which produced a pH of about 1.9 • To this 
solution about 0.2g/liter of acetaldehyde was added. 

The contents of Vat A and Vat B were emptied into the 
reaction chamber C by opening valves 1, 2 and 3 (valve 4 is 
closed) . The pH of the mixture in the reaction chamber is 
approximately 2,2 • The reaction mixture was allowed to stand 
for a period of ten minutes after which time approximately 92% 
of the initial chlorite salt had been converted to chlorine 
dioxide (40%) and chloride ion (60%) . The concentration of 
chlorine dioxide in the aqueous solution in the reaction cham- 
ber was eJDOut 110 ppm as measured spectrophotometrically at 
360 nm using an extinction coefficent of 1250 ir^cm"!. The 
concentration of chlorite ion which remains was approximately 
30 ppm. The concentrated chlorine dioxide solution is there- 
after delivered to the dilution tank D and diluted 30 fold to 
a final concentration of 3.5 ppm chlorine dioxide and a pH of 
about 6. In the final diluted disinfectant solution, the con- 
centration of chlorite ion is about 1 or less ppm. The rela- 
tively high pH of the solution is caused by the 30-fold dilu- 
tion, the production of water using up hydronium (HsO"^) ions 
during the reaction and the effect of chlorine dioxide as a 
Lewis Acid is minimized at high dilution. 

Example 2 

Same method employed as in example 1, except that into 
Vat B'was added 0.4 g/liter of potassium bisulfate in combina- 
tion with 0.18g/liter of propionaldehyde. "^he resulting solu- 
tion produced a concentration of chlorine dioxide of about 110 
ppm in the reaction chamber C as measured spectrophotometri- 
cally at 360 nm using an extinction coefficent of 1250 M^^cm" 
1. A 30 fold dilution of the final concentration of chlorine 
dioxide produced a final concentration in the dilution chamber 
D of about 3.5 ppm chlorine dioxide and a final concentration 
of chlorite ion of about 1 or less ppm. 
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Same method en^loyed as in example 1, except that into 
Vat B was added 0.4 g/liter of potassium bisulfate in combina- 
tion with about 0.29g/liter of benzaldehyde . The resulting 
solution produced a concentration of chlorine dioxide of about 
30-40 ppm in the reaction chamber C as measured spec- - 
tarophotomieteically a^t 3^0 1cm "^^^ extinction coefficent of 

1250 K-lcm-1. A 30 fold dilution '61f "the final concentration 
of chlorine dioxide produced a final concentration in the 
dilution chamber D of about l.o ppm chlorine dioxide and a 
final concentration of chlorite ion which is significantly 
less than if disproportionation had not been included. 



•In an embodiment related to the non-corrosive aspect 
according to the present invention, as in Example 1, the fol- 
lowing two-part formulation when combined in about a. 1:1 ratio 
provides a composition useful for the disinfection of hard 
substrates such as dental and/or medical devices. 



Liquid Disinfecrhan-h 




^, . 7.2 Percent bv 

Weight — ^ 



Sodium chlorite (80%) 0 250?- 

EDTA, tetra sodium (98%) o'o95% 

Sodium lauryl sulfate oIo04%- 

Deionized Water w.u«t-6- 



g.s 



Acid Part 



Potassium bisulfate (anhydrous) 0.400% 

Sodium propionate 0*150% 

Glutaraldehyde (50%) o!o80% 

Cxnnaaiic aldehyde 0.015% 
Deionxzed Water 



g.s 



As noted, the disproportionation agent in the form of 
an aldehyde entity, namely glutaraldehyde, is preferably added 
to the acid pairt. In this example, cinnamic aldehyde is used 
as a fragrance- The resulting composition after 15 minutes 
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has a pH of about 4.2 and produces a concentration of chlorine 
dioxide of about 45 ppm as measured spectrophotometrically at 
360 nm (molar absorptivity of 1250 per mole/centimeter) . 
Within this period, about 40% of t|he . initial chlorite is con- 
sumed. This composition is readily applicable fo disinfec- 
tion of hard surf aces such [as dental .and/or^medical deyices_._ 



Exaanple 5 



In a preferred composition^ related to the non- 
corrosive aspect of the present"invention , which results froji 
about a 1:1 ratio of a combination of the following two partj 
formulation, a liquid disinfectant is obtained which is useful 
for applications on dental and/or medical devices. 



Liquid 



rhinr-<^P Part Peycept by 

Weight 

Sodium chlorite (80%) S*?!2I 

EDTA, tetra sodium (98%) S'SSaJ 

Sodium lauryl sulfate 0.00456 

Water 



Acid Part 

Potassium bisulf ate (anhydrous) 

sodium propionate . 

Propionaldehyde u.wxu-s 

Deionized Water . 

As noted, the disproportionation agent in the, form of 
an aldehyde entity, namely propionaldehyde , is preferably 
added to the acid part. The resulting composition has a pH of 
about 3.9 and produces a concentration of chlorine dioxide of 
about 38 ppm as measured spectrophotometrically at 360 nm 
(molar absorptivity of 1250 per mole/ centimeter during a 
period of about 10 minutes. Within this period, about 15% of 
the initial chlorite is consumed. This composition is readily 
applicable for disinfection of hard surfaces such as dental 
and/or medical devices. 



Example 6 
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In yet another embodiment related to the non-corrosive 
aspect according to the present invention, the following two- 
part formulation when coinbined in about a 1:1 ratio provides *a 
composition useful f or "the disi£f ecftion of hard substrates " 
such as dental and/or medical -devices^'- Tbe^pH of "the compds'i- 
tion is about 4.2 and produces about 27 ppm of chlorine 
dioxide during an aging perfocTof "Ibout 15 minutes. 



Licniid Dlsinf eetanf- " 



ai^^" ' : ESESSDjLiI 

Sodium chlorite (80%) n lonjs- 

EDTA, tetra sodium (98%) " ^ o oi?* 

Sodium lauryl sulfate o'ollt 

Deionized witer rr l 



Potassium bisiilfate (anhydrous) o aoo* 

Sodium propionate ^ ' ' o 
Propionaldehyde 0 030% 

Deionized Water '1°^ 

q.s. 

This invention has been described in terms of specific 
embodiments set forth in detail herein, but it should be 
understood that these are by way of illustration and the 
invention is not necesarily limited thereto. Modifications 
and variations will be apparent from the disclosure and may be 
resorted to without departing from the spirit of the inven- 
tions those of skill in the art will readily understand. ' 
Accordingly, such variations and modifications are considered 
to be witiiin the purview and scope of the invention and the 
following claims. 
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Claims: ^ 

1. A method of producing chlorine dioxide comprising: - 

1) combining an amount of a salt of chlorite in solu- 
tion with an amount of a low pKa biologically compatible acid 
effective to produce a s\ibstantial quantity of chlorous acid : 

from chlorite ion; said ^ _ :^ . ::. ,b 

2) providing an amount of a disproportionation agent- 
in said solution effective to enhance chlorous acid dis- 
proportionation to chlorine dioxide. 

2. The method according to claim 1 wherein said dis- 
proportionation agent gives rise to a substantially non-toxic 
side product. 

3. The method according to claim 1 wherein said biologi- 
cally compatible acid is selected from the group consisting of 
an aqueous solxible salt of bisulfate, maleic acid« phosphoric 
acid, ethyl enediaminetetraacetic acid and monosodium 
ethylenediaminetetraacetic acid. 

4. The method according to claim 3 wherein said bisulfate 
salt is soditim or potassium bisulfite. 

5. The method according to claim 1 wherein said salt of 
chlorite is sodium or potassium, chlorite. 

6. The method according to claim 1 wherein said dis- 
proportionation agent is selected from the group consisting of 
glutaraldehyde, acetaldehyde , benzaldehyde, propionaldehyde , 
cinnamic aldehyde, 2-furfural and 5-hydroxymethyl-2-furfural . 

7. The method according to claim 1 wherein said dis- 
proportionation agent is selected from the group consisting of 
glutaraldehyde, acetaldehyde, cinnamic aldehyde, benzaldehyde 
and propionaldehyde. 

8. A method of producing chlorine dioxide comprising: 

1) combining an amount of a salt of chlorite in solu- 
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tion with an amount of a low pKa biologically compatible acid 
effective to produce a substantial quantity of chlorous acid 
from chlorite ion? and 

2) providing an amount of a disproportionation agent 
in the form of an aldehyde in said solution effective to' ' -^ 
enhance disproportionation of chlorous acid to chlorine ^■-'^ 
dioxide, said disproportionation agent giving rise to' an* '"^^^^ 
organic acid or organic acid salt side product.' 



9 . The method according to claim 8 wherein said dis- '■ ' 
proportionation agent minimizes the amount of residual 
chlorite ion. 

10. The method according to claim 8 wherein said biologi- 
cally compatible acid is selected from the group consisting of 
an aqueous soluble salt of bisulfate, maleic acid, phosphoric 
acid, ethyl enediaminetetraacetic acid and monosodium 



11. The method according to claim 10 wherein said bisul- 
fate salt is sodium or potassitna bisulfate. 

12. The method according to claim 8 wherein said salt of 
chlorite is sodium or potassiim chlorite. 

13. The method according to claim 8 wherein said dis- 
proportionation agent is selected from the group consisting of 
glutaraldehyde, cinnamic aldehyde, acetaldehyde, benzald^hyde, 
propionaldehyde, 2-furfural and 5-hydroxymethy 1-2 -furfural. " 

14. The method according to claim 13 wherein said dis- 
proportionation agent is selected from the group consisting of 
glutaraldehyde, cinnamic aldehyde, acetaldehyde, benzaldehyde 
and propionaldehyde. 

15. A chlorine dioxide generating composition comprising: 
1) an amount of a salt of chlorite in solution in com- 
bination with an amount of a low pKa biologically compatible 
acid effective to produce a substantial quantity of chlorous 
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acid from chlorite ion; and 

2) an amount of a disproportionation agent in the form 
of an aldehyde in said solution effective to enhance dis- 
proportionation of chlorous acid to chlorine dioxide, said 
disproportionation agent giving rise to an organic acid or 
organic acid salt side product. 

16. The* composition according "to claim 15 wherein said 
biologically compatible acid is selected from the group con- 
sisting of an aqueous soluble salt of bisulfatc, maleic acid, 
phosphoric acid, ethylenediaminetetraacetic acid and 
monosodium ethylenediaminetetraacetic acid. 

17. The composition according to claim 16 wherein said 
bisulfate salt is sodium or potassium bisulfate. 

18. The composition according to claim 15 wherein said 
salt of chlorite is sodium or potassium chlorite. 

19. The composition according to claim 15 wherein said 
disproportionation agent is selected from the group consisting 
of glutaraldehyde, cinnamic aldehyde, acetaldehyde, ben- 
zaldehyde, propionaldehyde , 2-furfural and 5-hydroxymethyl-2- 



20. The composition according to claim 19 wherein said 
disproportionation agent is selected from the group consisting 
of glutaraldehyde, ciimamic aldehyde, acetaldehyde, hen- 
zaldehyde and propionaldehyde. 
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